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Target Setup

e Afomic Beam Source (ABS)

e Storage Cell + Magnet
(Longitudinal: 335 mT, Transverse: 297 mT)

Breit-Rabi Polarimeter (BRP)
e Target Gas Analyzer (TGA)
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o Task.

- Measure the polarization of sample beam

¢ Medasurement

- Use of chopper to subtract background
- Measurements with different HFT modes:
= linear equations system, solution for IV;

Cdlibration
= Ngig > Npfs = system overdefermined
= RFT efficiencies can be measured

e Performance |
- Mininum time for polarization measurement = 30s
- Statistical uncertainty in Tmin < 0.5%
- Systematic uncertainty ~ 1%
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igh Frequency Transitions

Hyperfine states populations exchange  [i >« |n >

Superimposition of an electromagnetic HF field and an.
external static gradient: magnetic field (B along the
atomic beam path.

HF-field' frequency fixed and B%%* tuned in order to get a

resonance condition between the two states in the Breit-Rabi
diagram.

Gradient field = Adiabatic transition with efficiency ~ 1.
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j Field Transitions

SFTexchonge' hyperfine states with AF = +1

Two kinds of strong field transitions:

o mw-fransitions: Amr==+1 = Bgr |l Bprp

e o-fransitions: Ampr =0 = Bgr| Brr

Example: SFT resonances for atomic H af 1734 MHz.
The: resonant frequency can be derived from the energy-

difference in the Hyperfine Splitting Diagram.
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MFT/WEFT exchange hyperfine states with AF =0
(i.e. transitions within a Zeeman-Mulfiplet).

Amp==+1 = m-transitions only
Example: MFT resonances for atomic H at 308 MHz.

The: horizontal bars in the Breit-Rabi diagram indicate the:
effective field range when superimposing a gradient field.
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300

HERA e-beam structure:

e 220 Bunches ™ T /VWM |

e Spacing: At = 96ns 100 - |
e Bunch width: oy = 37.7ps ob— L1 U1
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Fourier Anailysis of the electron bunch:
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= Depolarization!
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Resonance Conditions (Nucl. Trans.)

IEq;-“Efl/h:Vn ?’L:1,2,...

But... AE;; depends on Bgr!
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o m-transitions (Bsr L. Brr) = Long. & Trans. Target
e o-fransitions (Bsr || Brr) = Trans. Target Only!
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Wig o< Bgp - |Vig? - 7°

e Bprr depends.on the harmonic number
(for a given beam current)

e The harmonic number depends on Bgr
Fixing 7 and evaluating |Viy|*> = W;s Vs Bsr:
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o 1996-1997—Longitudinally polarized H Target
) ‘199842000—>Longifrudinolly polarized D Target

e The Magnet: foursuperconducting coils mounted coaxially -
to the HERA e-beam

e The Field: up t0 400 mT +2%
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Beam-Induced Nucledr Depolarization
in the Long. Pol. Hydrogen Target

Possible Depolarizing Resonances: w12, w34

e Spin-Flip Measurements
- States | 1) and | 4 ) injeted (ABS)
- Target Feld scanned from 220 mT to 400 mT
- Fast detection of stafes:|2) and | 3 ) (BRP)
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e Polarization Measurements
- States | 1) and | 4) injeted (ABS)
- Target Field scanned within the 62" harmonic resonance:
- Accurate Polarization Measurement at each step (BRP) -
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K.:Ackerstaff et al., Phys. Rev. Lett. 82 (1999) 1164-1168
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e The Magnet: Water cooled Conventional Dipolar Magnet -
e The Field:

- Intensity: up to 180 mT

- z-Uniformity; 0.6mT @ B = 150mT
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Possible Depolarizing Resonances: 712, 734,024

e Spin-Flip. Measurements
- States | 2) and.|-3 ) injeted (ABS)
- Target Field:scanned from 110 mT to 162 mT
- Fast detection of states | 2) and | 3 ) (BRP)
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e Polarization Measurements
- Not possible due fo the current BRP deuterium setting -

¢ Nobeam-=Beam Measurements Comparison (24 detection)

- Noft succesful due to a BRP Failure
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New Target Holding Field

Drawbacks and Solutions:

Bending of the electron beam:
Orbit compensation

o Syncrotron radiation emission:
Avoid the spectrometer acceptance

Possible beam induced nuclear depolarization:
Conceive an holding field which minimizes this:
effect
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’ The Magnet Design ‘: I

Conventional static vertical dipole

Br > 280mT to in»hibh‘spin relaxation

P, injected
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Br < 400 mT to minimize synchrotron radiaton

A,;B < 0.15mT overall the cell region (400 * 20 * 10 mm), - fo:
avoid beam induced depolarization

Dimensional constraints:
pole length < 650 mm

pole width < 200 mm
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Bending (Br = 340 mT);

Ist corr. dipole

Eiwom=275Cev 11 =600mm

ds
&

CIH

Parameters:

Cdrrl

I

=218 mm . lr=590mm-
=1270mm ... 12 =758 mm
Br=340mT

transverse
magnet

-X

Ebeam =27.5 GeV
Ibeam =50 mA

Pgﬁt.ted =5021 W

2nd corr. dipole

I, 3
z
electron N
beam Results:
$1 =-1.38 mrad B=210 mT
2 =-0.80 mrad Ba=97 mT
1 =2.18 mrad
a =175mm
0.0mm - .
10.0mm
20.0mm -
] 30.0mm
- 40,0mm -
|| — 350.0mm -
—  60.0mm
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e Field intensity: By = 297mT @ 545 A
e Requested field uniformity:

<. 1.4 gauss overall the cell region
e Actual uniformity:

A B along z: 0.5 gauss

A B adlong y: 1.5 gauss

AB-dlong x: 6 gauss

e Additional correction coils needed?
Answer from a depolarizing resonance test performed with’
high current et beam (I > 30 mA)
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P T

e Two coils af 18 mm from the zz axis

e Current: I ~ 70 A

e Overall Field Uniformity: AB < 1.5 gauss
e Improved Field Tuning
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Transverse Target Summary

e Transverse Magnet built and installed

e Target preliminary tuned

e Afomic nuclear polarization ~ 85%
(e beam current < 15mA)

e Beam.induced depolarization test:
as soon as et beam current > 30mMA

o Target Cell with built-in Correction Coils
manufactered and tested
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